Starting from a functional integral representation of the partition function we apply the renormalization group to the interacting Bose fluid. A closed form for the renormalization equation is derived and the critical exponents are calculated in 4-c dimensions.
In view of the ongoing development of the renormalIn these formulae we use units such that~l = 1, the ization group the application of this technique to quanboson mass 1 and the cutoff in k space A = 1. Octurn fluids continues to be of considerable interest.
casionally we shall use the symbol 4(x) for 0(x, 0). This problem has been studied by several authors [1-For derivations and details of the notation we refer 131 within different approximations. In this note to ref. [9] . Following this same reference we implewe develop an approximation which leads to a closed ment the renormalization transformation of Wilson in form expression for the infinitesimal renormalization two steps. First the field~is separated into a compo. transformation. The advantage of such a closed form nent qU~) with long wavelengths 0 ( 1k~1~)and expression is that: (a) it permits one to study the glob, a component cb(S) with short wavelengths (1 -al properties of the renormalization group for quan.~k '(1). The partial functional integration is performturn fluids; (b) it enables one to interpret the transfored over the fields~and~(L) is rescaled in order to mation as a nonlinear dynamics, which raises the posrestore the cutoff to unity. We shall always work to sibffity of applying conceptsfrom this field. 0(77), and ultimately consider the limit~-~0. The grand canonical partition function, ZQ3, /2),
The partial functional integration may be carried for the interacting Bose gas may be represented as a out analytically with the approximation that the free functional integral over the complex scalar fields 4(x, Green function G(S) of the fields0 ) [14, 15] 
G(S)(x,xP)=(O(S)(x)O*(S)(xl)), (4)
varies rapidly compared to a functionf[0(L)(x)] of so that we may write where
The second step in the renormalization transforma-0 J
.i~p ao~VOl~tion consists of rescaling the variables: The renormalized interaction is given to fIrst order in 0 0(t) =~~~2)J2 (10)
The equilibrium value of n 0, the condensate density, is found by maximizing the canonical pressure [181
sin~[i+2U'(0 =0)1 After many renormalizations, in the limit t 0, the (6) renormalization equations have the slightly simpler In (6) the prime indicates differentiation with respect form to 012 and°Dis the area of a D-sphere. We have~af/at = Df -(D 2)xf' specialized to potentials which are local functions of 0I 2 only. Details of the derivation will appear in a more expanded paper [16] . One of the nice features +õ f this method is that the local gauge invariance of [1 + 2f '(0, t)] 2-~~)' (12) the potential is preserved under renormalization. In wherex = [aD/(21r)'~1*OI2 and U~ '[oD/(27r)'~If(x) . (6) we have subtracted the~-independent part from The form of the infinitesimal renormalization transfor-U(R), so that U(R)(O = 0) 0. These terms are taken mation (12) is similar to the expression found by out of the functional integral and contribute to the Nicoll et a!. [19, 20] for classical systems. ForD thermodynamic potential.
= 4 -e, f is of order e, and we may expand the logaWe now define a parameter t~,= (1 i~)Y' and take rithm in (12). One can show that f has the form the limit t~-~0. In this limit t~becomes a continuous
fr(t)x +~s(t)x2+O(e3).
(13) parameter t and we find for our renormalization equation Substitution of (13) into the renormalization equa-
) tar/at 2(1 4s)r+4s tas/at'-cs---20s2
X~These equations have the fixed point r* = -e/l0, s(
7)
= c/20, and near the fixed point The sum of the "constant terms" mentioned above becomes an integral overt, and yields a part of the Ca-
The behavior of r(t) is responsible for the nonana- 
